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8086 Register Model 


: AL] ACCUMULATOR 
: BASE 
COUNT 4 
2a 
DATA Sc 
wp 
STACK POINTER 2 
BASE POINTER z 
SOURCE INDEX 
DESTINATION INDEX 
STACK POINTER 
STATUS FLAGS 
Ww 
CODE SEGMENT bE 
DATA SEGMENT G x 
STACK SEGMENT 5a 
EXTRA SEGMENT o i 


instructions that reference the flag register flle as a 16-bit object use 
the symbol FLAGS to represent the file: 


15 8 e) 
[x Tx] xT x Tor Jor [ir [re [se] zr] x Jar] x Jer] x [er 


X = Don't Care 


Flags 


AF: AUXILIARY CARRY — BCD 
CF: CARRY FLAG 

DF: DIRECTION FLAG (STRINGS) 
IF; INTERRUPT ENABLE FLAG 
OF: OVERFLOW FLAG (CF SF) 
PF: PARITY FLAG 

SF: SIGN FLAG 

TF: TRAP (SINGLE STEP FLAG) 
ZF: ZERO FLAG 


Operand Summary 


“vag” fleld Bit Assignments: 


Byte Operand 


Word Operand Segment 


Second Instruction Byte Summary 


mod xxx r/m 


Displacement 


DISP = 0°, disp-low and disp-high are absent 

DISP = disp-low sign-extended to 16-bits, disp-high Is 
absent 

DISP = disp-high: disp-low 

t/m is treated as a reg’ field 


r/m Operand Address 


000 | (BX) + (SI) + DISP 
001 | (Bx) + (DI) + DISP 
010 | (BP) + (SI) + DISP 
011 | (BP) + (DI) + DISP 
100 | (Si) + DISP 

101 | (D) + DISP 

110 | (BP) + DISP" 

111 | (Bx) + DISP 


DISP follows 2nd byte of instruction (before data if required). 


“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


Operand Address (EA) Timing (Clocks): 


Add 4 clocks for word operands at ODD ADDRESSES. 
Immed Offset = 6 

Base (BX, BP, SI, Dl) = 5 

Base + DISP = 9 


Base + Index (BP + Di, BX + Sl) = 7 
Base + Index (BP + SI, BX + Dl) = 8 
Base + Index (BP + DI, BX + SI) + DISP = 11 
Base + Index (BP + S!, BX + Di) + DISP = 12 


2 


- ray | es 


Memory Segmentation Model 


cd °o 
tocicat cc?= 
MUMORY SPACE ia , 
Gane CODE SEGMENT 
2OOCXKOH 


STACK SEGMENT 
DISPLACEMENT 


WORD 


OFFSET 
ADDRESS 


5 
SELECTED 


sreven —s 
cs ss 05.45 
Saber Loe tse 


TORTO INT 


I DATA SEGMENT 


| EXTRA DATA 
SEGMENT 


° 
PHYSICAL 

ADORESS 

Laton 


Segment Override Prefix 


O001reg110 


Timing: 2 clocks 


IP (code address) 

SP (stack address) 

BP (stack address or 
stack marker) 

SI or DI (not incl. strings) 
SI (implicit source addr 
for strings) 

DI (implicit dest addr 

for strings) 


Never 
Never 
BP + DS or ES, or CS 


ES, SS, or CS 
ES, SS, or CS 


Never 


8086/8088 Instructions 
Notes for 8086/8088 instructions 


The individual instruction descriptions are shown by 
a format box such as the following: 


[oxcsde [micorm [TT oe Td 


These are byte-wise representations of the object code 
generated by the assembler and are interpreted as 
follows: 

* Opcode is the 8-bit opcode for the instruction. 
The actual opcode generated is defined in the 
“Opcode” column of the instruction table that 
follows each format box. 

+ m/op/r/m is the byte that specifies the operands 
of the instruction. It contains a 2-bit mode field 
(m), a 3-bit register field (op), and a 3-bit regis- 
ter or memory (r/m) field. 

* Dashed blank boxes following the m/op/r/m box 
are for any displacement required by the mode 
field. 

+ Data is for a byte of immediate data. 

* A dashed blank box following a Data box is used 
whenever the immediate operand is a word 
quantity. 
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AAA = ASCII Adjust for Addition 


Opcode Clocks Operation 


37 4 adjust AL, flags, AH 


AAD = ASCII Adjust for Division 


Long——Opcode 


Opcode Clocks Operation 


D5,0A 60 Adjust AL, AH prior to division 


AAM = ASCII Adjust for Multiplication 


Long——Opcode 


Opcode Clocks Operation 
Adjust AL, AH after 


multiplication 


D4,0A 83 


AAS = ASCIl Adjust for Subtraction 


Opcode Clocks Operation 


3F 4 adjust AL, flags, AH 


ADC = Integer Add with Carry ADD = Integer Addition 


Memory/Reg + Reg 


el EAS 


Opcode Clocks Operation 


Memory/Reg + Reg 


[eam Forearm] — 


Opcode Clocks Operation 


Byte 12 3 Reg8 «CF + Reg 8 -+ Reg8 Byte 02 3 Reg8 +-Reg8 + Reg8 
12 9+EA Reg8 --CF + Reg8 + Mem8 9+EA Reg8 =-Reg8 + Mem8 
10 16+EA Mem8 «CF + Mem8 + Reg8 16+EA Mem8 «Mem8 + Reg8 
Word 13 3 Regi6 CF + Reg16 + Regi6 Word 03 3 Reg16 +Regi6 + Regi6 
13 O+EA Regi6 «CF + Reg16 + Mem16 9+EA Reg16 -Regi6 + Mem16 
11 16+EA Mem16<CF + Mem1i6 + 01 16-+EA Mem16 «+Mem16 -+ Regi6 
Regié6 


Immed to AX/AL 


[orcad [owe [| 


Opcode Clocks Operation 


Immed to AX/AL 


[ome [oe J] 


Opcode Clocks Operation 


t iT \ 1 i} 
| if on 
88 88 


04 4 AL+AL + Immed8 
Byte 14 4 AL+CF + AL + Immed8 05 4 AX AX + Immed16 


Word = 15 4 AX+CF + AX + Immed16 
Immed to Memory/Reg 


[ase aol ~ ee 


Opcode Clocks Operation 


Immed to Memory/Reg 


[opsode ros ovo [om [7] 


a 


Opcode Clocks Operation 


Byte 80 4 Reg8 +-Reg8 + Immed8 
Byte 80 4 Reg8 +-CF + Reg8 + Immed8 80 17+EA Mem8 «-Mem8 + Immed8 
80 17+EA = Mem8+CF + Mem8 + Immed8 Word 81 4 Reg16 ~-Reg16 + Immed16 
A la eee 
81 17+EA Mem16 CF + Mem16 + 83 17+EA Mem16 «Mem16 + Immed8 
immed16 ‘4 
83 4 Reg16 =-CF + Regi6 ++ Immed8 
83 I7+EA Mem16 ~-CF + Mem16 + a 
Immed8 
6 


f 


+4 


AND = Logical AND CALL = Call 


fi 


Within segment or group, IP relative 


[peode [bet] Dept] 


Opcode Clocks Operation 


Memory/Reg with Reg 


[onoae Jreavcorm] Td 


Opcode Clocks Operation 


Byte 22 3 Reg8 + Reg8 AND Reg8 E8 19 IP +-IP +Disp16—(SP) «return 
22 9+EA Reg8 «-Reg8 AND Mem8 link 
20 16+EA | Mem8 +Mem8 AND Reg8 
Word 23 3 Reg16 +-Reg16 AND Reg16 hi é 
23 9+EA _Regi6 =-Regi6 AND Mem16 Within segment or group, Indirect 
21 16-+EA | Mem16=Mem16 AND Reg16 


oa oom 


Immed to AX/AL Opcode Clocks — Operation 


[ opcode | Data | || = FF 16 IP —Regi6—(SP) = return link 
4 FF 21+EA IP +Mem16—(SP) «return link 


FF 21+EA IP Mem16—(SP) «return link 


AGHA 


Opcode Clocks Operation 


Byte 24 4 AL +-AL AND Immed8 
Word 25 4 AX +-AX AND Immed16 


Inter-segment or group, Direct 


Immed to Memory/Reg 


[am Feoore] ~~ ae 


Opcode Clocks Operation 


Opcode Clocks Operation 


9A 28 CS +segbase 
IP offset 


AH 


Byte 80 4 Reg8 =-Reg8 AND Immed8 4 y 
20 472 EA Mem6=:Mems AND immeds Inter-segment or group, Indirect 
Word 81 4 Reg16 =-Reg16 AND Immed16 a + 
81 17+EA  Mem16+-Mem16 AND Immed16 [ Opcode [mod 011 r/m ae a 


Opcode Clocks Operation 


FF 387+EA CS +-segbase 
IP offset 


CBW = Convert Byte to Word 


Opcode Clocks Operation 


98 2 convert byte in AL to word in AX 


CLC = Clear Carry Flag 


Opcode Clocks Operation 


F8 2 clear the carry flag 


CLD = Clear Direction Flag 


Opcode Clocks Operation 


FC 2 clear direction flag 


CLI = Clear Interrupt Enable Flag 


Opcode Clocks Operation 


FA 2 clear interrupt flag 


CMC = Complement Carry Flag 


Opcode Clocks Operation 


FS 2 complement carry flag 


pers 


EE 


ann 


CMP = Compare Two Operands 


Memory/Reg with Reg 


[ones reer — 


Opcode Clocks Operation 


Byte 38 3 flags + Reg8 - Reg8 
38 9+EA flags -Reg8 - Mem8 
3A 9+EA flags «- Mem - Reg8 
Word 39 3 flags + Reg16 - Regi6 
39 .9+EA flags  Regi6 - Mem16 
3B Q+EA flags +-Mem16 - Regi6 


Immed to AX/AL 


[oaoe [oe TT 


Opcode Clocks Operation 


Byte 3c 4 flags AL - Immed8 
Word 3D 4 flags AX - immed16 


Immed to Memory/Reg 


[opsode Jros tito] TT eee Td] 


Opcode Clocks Operation 


Byte 80 4 flags « Reg8 - Immed8 
80 10+EA flags «Memé - Immed8 
Word 81 4 flags + Reg16 - Immedi6 
81 10+EA flags +Mem16 - Immed16 
83 4 flags + Reg16 - Immed8 
83 10-+EA flags «Mem16 - Immed8 


CWD = Convert Word to Doubleword 


Opcode Clocks Operation 


99 5 convert word in AX to 
doubleword in DX:AX 


DAA = Decimal Adjust for Addition 


Opcode Clocks 


27 4 


Operation 


adjust AL, flags, AH 


DAS = Decimal Adjust for Subtraction 


Opcode Clocks 


2F 4 


Operation 


adjust AL, flags, AH 


DEC = Decrement by 1 


Word Register 


Opcode + reg 


Opcode Clocks 


48+reg 2 


Memory/Byte Register 


[ae fool — 


Opcode Clocks 


Byte FE 3 
FE 15+EA 
Word FF 15+EA 


12 


Operation 


Regi6 ~Regi6 - 1 


a See 


Reg8 ~ Reg8 - 1 
Mem8 +Mem8 - 1 


Mem16 «Mem16 - 1 


| 


=" 
I 
ar 
es 


n 


DIV = Unsigned Division 


setacllt alae with AX or DX:AX 


Opcode Clocks Operation 


Byte F6 80-90 AH,AL + AX / Reg8 
F6 —-(86-96)++EA AH,ALAX / Mem8 
Word = F7 144-162 DX,AX--DX:AX / Regi6 


F7 —(180-168)+EA DX,AX + DX:AX / Memi6 


ESC = Escape 


Paatpemem — CTI 


Opcode Clocks Operation 


D8+i 8+EA data bus ~-(EA) 
D8+i 2 data bus ~-(EA) 
HLT = Halt 
Opcode Clocks Operation 
F4 2 halt operation 


IDIV = Signed Division 
asia with AX or DX:AX 


Opcode Clocks Operation 


Byte F6 101-112 AH,AL AX / Reg8 
F6 (107-118)-++EA AH,AL AX / Mem8 
Word F7 165-184 DX,AX « DX:AX / Regi6 


F7 (171-190) +EA DX,AX~DX:AX / Mem16 


IMUL = Signed Multiplication 


Memory/Reg with AL or AX 


[_ Opcode _| [ Opcode [mod [mod 101 /r [mod 101 /r 


Opcode Clocks 


Byte F6 80-98 
F6 (86-104) +EA 
Word F7 128-154 


F7— (134-160)++EA 


IN = Input Byte, Word 


Fixed port 


Opcode Clocks 


Byte E4 10 
ES 10 


Variable port 


Opcode Clocks. 


Word EC 8 
ED 8 
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ce marae 


Operation 
AX AL*Reg8 
AX AL*Mem8 


OX:AX + AX*Reg16 
DX:AX  AX*Mem16 


Operation 


AL +Port8 
AX Port8 


Operation 


AL +Port16(in DX) 
AX Port16(in DX) 


Fa ae 


Hit 


£ 


INC = Increment by 1 


Word Register 


Opcode-+reg 


Opcode Clocks 


40+reg 2 


Memory/Byte Register 


| Opcode | mod [mod 000 r/m| [mod 000 r/m| 


Opcode Clocks 


Byte FE 3 

FE 15+EA 
Word FF 15+EA 
INT 


INTO ~ Interrupt 


[ee 


Opcode Clocks 


cc 52 
cD 51 
CE 53 or 4 


Operation 


Regi6 ~-Reg16 + 1 


al | 


Operation 

Reg8 +Reg8 + 1 
Mem8 ~Mem8 + 1 
Mem16~Mem16 + 1 


Operation 


Interrupt 3 

Interrupt ‘type’ 
Interrupt4 if FLAGS.OF =1, 
else NOP 


IRET = Return from interrupt 


Opcode Clocks 
CF 24 


Operation 


Return from interrupt 


Jcond = Jump on Condition 


Operation 

if condition is true then do; . 
sign-extend displacement to 16 bits; 
IP-IP + sign-extended displacement; 
end if; 


Format 


[opmoe [08> 


Opcode Clocks Operation 


77 16 or 4 jump if above 

73 16 or 4 jump it above or equal 

72 16 or 4 jump if below 

76 16 or 4 jump if below or equal 

72 16 or 4 jump if carry set 

74 16 or 4 jump if equal 

7F 16 or 4 jump if greater 

7D 16 or 4 jump if greater or 
equal 

7¢ 160r4 jump if less 

7E 16 0r4 jump if less or equal 

76 16 0r4 jump if not above 

72 160r4 jump if neither above 
nor equal 

73 16 or 4 jump if not below 

77 16 0r4 jump if neither below 
nor equal 

73 16 or 4 jump if no carry 

75 16 or 4 jump if not equal 

7E 16 or 4 jump if not greater 

7c 16 or 4 jump if neither greater 
nor equal 

7D 160r4 —_ jumpif not less 

7F 16 or 4 jump if neither iess nor 
equal 

71 16 or 4 jump if no overflow 

7B 16 or 4 jump if no parity 

79 16 or 4 jump if positive 

75 16 or 4 jump if not zero 

70 16 or 4 jump if overflow 

7A 16 0r4 jump if parity 

TA 16 o0r4 jump if parity even 

7B 16 or 4 jump if parity odd 

78 16 or 4 jump if sign 

74 18 or6 jump if zero 

E3 18 or 6 jump If CX is zero 


(does not test flags) 


cond = 


JA 
JAE 
JB 
JBE 
Jc 
JE 
JG 
JGE 


JL 
JLE 
JNA 
JNAE 


JNB 
JNBE 


JNC 
JNE 
JNG 
JNGE 


JNL 
JNLE 


JNO 
JNP 
JNS 
JNZ 
JO 
JP 
JPE 
JPO 
JS 
JZ 


JCXZ 


- 


JMP = Jump 
Within segment or group, IP relative 


oii] 


Opcode Clocks Operation 
EQ 15 IP +IP + Disp16 


EB 15 IP «IP + Disp8 
(Disp8 sign-extended) 


Within segment or group, Indirect 


[cae perme ~ TTT 


Opcode Clocks Operation 


FF 11 IP Reg16 
FF 18+EA IP —Mem16 
FF 18+EA IP Mem16 


Inter-segment or group, Direct 


Opcode Clocks Operation 


EA 15 CS ~segbase 
IP ~ offset 


Inter-segment or group, Indirect 


[rae erm ~ CTF 


Opcode Clocks Operation 


FF 24+EA CS ~segbase 
IP «offset 


LAHF = Load AH from Flags 


Opcode Clocks Operation 


OF 4 copy low byte of flags word 
to AH 


= Load Pointer to DS/ES and 


Register 
corel aga 


LDS/LES 


Opcode Clocks Operation 
16+EA dword pointer at EA goes to 
ot regi6 (1st word) and ES 
(2nd word) 
Cs 16+EA dword pointer at EA goes to 


reg16 (1st word) and DS 
(2nd word) 


LEA = Load Effective Address 


Opcode Clocks Operation 


8D 2+EA Regi6 EA 


LOCK = Assert Bus Lock 
Opcode Clocks Operation 
FO 2 assert the bus lock 


next instruction 


LOOPxx = Loop Control 


Opcode Clocks Operation xx = 

El 18 or 6 dec CX; loop if equal and CX LOOPE 
not 0 

EO 19 or 5 dec CX; loop if not equal and LOOPNE 
CX not 0 

=] 18 0r6 dec CX; loop if zero and CX LOOPZ 
not 0 

€0 190r§ dec Cx; loop if not zero and CX LOOPNZ 
noto 

E2 17.0r5 dec CX; loop if CX not 0 LOOP 
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MOV = Move Data 


Memory/Reg to or from Reg 


pa areas 


Opcode Clocks Operation 
Byte 88 9+EA Mem8 ~-Reg8 
88 2 Reg8 ~Reg8 
8A 8+EA Reg8 —Mem8 
Word 89 9+EA Mem16 + Reg16 
89 2 Reg16~-Reg16 
8B 8+EA Regi6-Mem16 


Direct-Addressed Memory to or from AX/AL 


Opcode Clocks Operation 
Byte AO 10 AL~Mems 
A2 10 Mem8 AL 
Word Al 10 AX~>Mem16 
A3 10 Mem16 AX 


Immed to Reg 


[ee [oe TT] 


Opcode Clocks Operation 
Byte BO+reg 4 Reg 8 —Immed8& 
Word B8-+reg 4 Reg16~Immed16 


Immed to Memory/Reg 


2 


Opcode Clocks Operation 
C6 4 Reg8 —-Immed8 
C6 10+EA Mem8 --Immed8 
C7 4 Reg16 + Immed16 
C7 10+EA Mem16 ~Immed16 


J 


Memory/Reg to or from SReg 


| Opcode | jod sreg Frnod sreg r/m] 


Opcode Clocks 

Word 8c 9+EA 
8C 2 

8E 8+EA 
8E 2 


te eae 


Operation 


Mem16 ~SReg 
Regi6~-SReg 
SReg~-Mem16 
SReg~ Reg16 


MUL = Unsigned Multiplication 


Memory/Reg with AL or AX 


[ Opcode | [ Opcode |mog [mod 100 r/m| [mod 100 r/m| 


Opcode Clocks 
Byte Fe 70-77 
F6 (76-83)-+EA 
Word F7 118-133 


Es ERS 


Operation 

AX +AL*Reg8 
AXAL*Mem8 
DX:AX--AX*Reg16 


F7 (124-139)+EA DX:AX--AX*Mem16 


eel Lat 


Operation 
Reg8 00H - Reg 8 
Reg16~+0000H - Regi6 


Mem8 ~-00H - Mem8 
Mem16--0000H - Mem16 


Operation 


no operation 


NEG = Negate an Integer 
Memory/Reg 
Opcode Clocks 
F6 3 
F7 3 
F6 16+EA 
F7 16+EA 
NOP = No Operation 
Opcode Clocks 
90 3 
20 


AETHER HEE 


NOT = Form One’s Complement 


Memory/Reg 


| Opcode | | Opcode [mod [mod 010 r/m [mod 010 r/m 


Opcode Clocks 

Byte F6 3 
F6 16-+EA 

Word F7 3 
F7 16+EA 


ie red 


Operation 
Reg8 + OFFH - Reg8 
Mem8 ~-OFFH - Mem8 


Reg16~-OFFFFH - Reg16 
Mem16 ~-OFFFFH - Mem16 


OR = Logical Inclusive OR 


Memory/Reg with Reg 


Opcode Clocks 
Byte 0A 3 
0A 9+EA 
08 16+EA 
Word 0B 3 
0B Q+EA 
09 16+EA 


Immed to AX/AL 


[opcode [bate] 


Opcode Clocks 
oc 4 
oD 4 


Immed to Memory/Reg 


Opcode Clocks 

Byte 80 4 
80 17-+EA 

Word 81 4 
81 17+EA 


See Eeeea 


Operation 


Reg8 ~Reg8 OR Reg8 
Reg8 ~ Reg8 OR Mem8 
Mem8 ~Mem8 OR Reg8 


Reg16 ~-Reg16 OR Reg 16 
Regi6~Reg16 OR Mem16 
Mem16—Mem16 OR Regi6 


| 


Operation 


AL-~ AL OR Immed8 
AX + AX OR Immed16 


Operation 


Reg8 + Reg8 OR Immed8 
Mem8 ~-Mem8 OR Immed8 


Reg16--Reg16 OR Immed16 


Mem16~Mem16 OR Immed16 


7 ide T2I 
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OUT = Output Byte, Word 


Fixed port 


Opcode Clocks 


Byte 6 10 
€7 10 


Variable port 


Opcode Clocks 


Word EE 8 
EF 8 


Operation 


Port8 AL 
Port8 «AX 


Operation 


Port16 (in DX) AL 
Port16 (in DX) AX 


POP = Pop a Word from the Stack 


Word Memory 


[ee peso — TT 


Opcode Clocks 
8F 17+EA 


Word Register 


Opcode + reg 


Opcode Clocks 


58+reg 8 


Segment Register 


Opcode + SReg 


Opcode Clocks 
07+SReg 8 
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Operation 


Mem16-~-(SP)+ + 


Operation 


Regi6~(SP)++ 


Operation 


SReg~(SP)++ 


POPF = Pop the TOS into the Flags 


Opcode Clocks Operation 
9D 8 FLAGS ~-(SP)+ + 


PUSH = Push a Word onto the Stack 


Memory/Reg 


AT 


Opcode Clocks Operation 


FF 16-+EA —{SP)~Mem16 


Word Register 


Opcode + reg 


Opcode Clocks Operation 


50+reg 1 —(SP)~ Reg16 


Segment Register 


Opcode + SReg 


Opcode Clocks Operation 
06+SReg 10 —(SP)-~SReg 


PUSHF = Push the Flags to the Stack 


Opcode Clocks Operation 


9c 10 —(SP)~FLAGS 


RCL = Rotate Left Through Carry 


Memory or Reg by | 


[ Opcode _] [ Opcode moa 010 [mod 010 r/r] 


Opcode Clocks 


ak ones 


Operation 


Byte 00 2 rotate Reg 8 by 1 
bo 15-+EA rotate Mem8s by 1 

Word D1 2 rotate Reg 16 b byt 
D1 1S+EA rotate Mem16 by 1 


Memory or Reg by count in CL 


[ome peo — OT J 


Opcode Clocks Operation 


Byte b2 8+4/bit rotate Reg8 by CL 
D2 20+EA+4/bit rotate Mem8 by CL 


Word D3 8+4/bit rotate Regi6 by CL 
03 20+EA+4/bit rotate Mem16 by CL 


RCR = Rotate Right Through Carry 


Memory or Reg by | 


[_Opcode | [ Opcode |moa [mod 011 F/m| [mod 011 F/m| 


Opcode Clocks 


espe aet 


Operation 


Byte DO 2 rotate Reg8 by 1 
bo 15+EA rotate Mem8 by 1 

Word 01 2 rotate Reg16 by 1 
D1 15+EA rotate Mem16 by 1 


Memory or Reg by count in CL 


[ome form — TJ 


Opcode Clocks Operation 


Byte 02 8+4/bit rotate Reg8 by CL 
D2 20+EA+4/bit rotate Mem8 by CL 


Word 3 8+4/bit rotate Reg16 by CL 
D3 20-++EA+4/bit rotate Mem16 by CL 
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REPx = Repeat Prefix 


Opcode Clocks Operation REPx = 
F3 2 repeat next instruction until REP 
Cx=0 
F3 2 repeat next instruction until REPE 
CX=0 or ZF=1 REPZ 
F2 2 repeat next instruction until REPNE 
CX=0 or ZF=0 REPNZ 


RET = Return from Subroutine 


Opcode Clocks 


C3 8 
cB 18 


Operation 


intra-segment return 
inter-segment return 


Return and add constant to SP 


[opeode | batat [Daioh] 


Opcode Clocks Operation 


c2 12 
CA 17 


intra-segment ret and add 
inter-segment ret and add 
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ROL = Rotate Left —n SAHF = Store AH in Flags 


Memory or Reg by | So caaiadh [opcode _] 
Opcodi mod 010 r/m ~~ = | Opcode Clocks Operation 
en rae | 


s H , 
Opcode Clocks — Operation SE 4 eh AH to low byte of flags 
Byte bo 2 rotate Reg8 by 1 Pee ee 
Do 15+EA rotate Mem® by 1 Ey 
Word D1 2 rotate Reg16 by 1 | : SAL/SHL = Arithmetic/Logical Left Shift 
01 15+EA rotate Mem16 by 1 — 
S | 
Ey) Memory or Reg by | 


Memory or Reg by count in CL Se as Es 
— a) [eee peo 


— Opcode Clocks Operation 


Opcode Clocks Operation E 7 { 


i Byte DO 2 shift Reg8 by 1 
Byte b2 8+4/bit rotate Reg8 by CL ae DO 15+EA shift Mem8 by 1 
D2 20+Ea+4/bit rotate Mem8 by CL ETT Word DI 2 shift Reg16 by 1 
Word D3 8+4/bit rotate Reg16 by CL ‘ 01 15+EA shift Mem16 by 1 


D3 20+EA+4/bit rotate Mem16 by CL os 
7 Memory or Reg by count in CL 


ROR = Rotate Right 5 ess RS 


Memory or Reg by | me Opcode Clocks Operation 
1 
—_— —_ | mm Byte D2 8+4/bit shift Reg8 by CL 
ar ee | D2 © 20-+EA+4/bit shift MemB by CL 
5 Word D3 8+4/bit shift Reg16 by CL 
Opcode Clocks Operation D3 20+EA+4/bit shift Mem16 by CL 
Byte bO 2 rotate Reg8 by 1 
00 15+EA rotate Mem8 by 1 
Word OF 2 rotate Reg16 by 1 
01 1S+EA rotate Mem16 by 1 1 


Memory or Reg by count in CL 


— —, "I { 
Bone ea 
Opcode Clocks Operation 7) 


Byte 02 8+4/bit rotate Reg8 by CL 
D2 = 20-++EA++4/bit rotate Mem by CL | oul 
D3 8+4/bit rotate Reg16 by CL . 


D3 = 20+EA+4/bit rotate Mem16 by CL 


. ks 


SAR = Arithmetic Right Shift 


Memory or Reg by | 


ioe pee 


Opcode 
Byte DO 
felt} 
Word O1 
01 


Memory or Reg by count in CL 


co 


Opcode 
Byte D2 
D2 
Word 03 
D3 


28 


Clocks Operation 


2 shift Reg8 by 1 
15+EA _ shift Mem8 by 1 
2 shift Reg16 by 1 


15+EA shift Mem16 by 1 


Clocks Operation 
8+4/bit shift Reg8 by CL 
20+EA+4/bit shift Mem8 by CL 


8+4/bit _shift Regi6 by CL 
20+EA+4/bit shift Mem16 by CL 


SBB = Integer Subtraction with Borrow 


Memory/Reg with Reg 


[ones fornera[- ~ = 


Opcode 


Byte 1A 
1A 
18 
Word 1B 
1B 
19 


Clocks 


3 
9+EA 
16+EA 


3 
9+EA 
16-FEA 


Immed from AX/AL 


a 


Opcode 


1C 
1D 


Clocks 


4 
4 


Operation 


Reg8 ~ Reg8 - Reg8 - CF 
Reg8 + Reg8 - Mem8 - CF 
Mem8 + Mem8® - Reg8 - CF 
Reg16 + Reg16 - Reg16 - CF 
Reg16 ~ Regi6 - Mem16 - CF 
Mem16 ~ Mem16 - Reg16 - CF 


Operation 


AL ~AL - Immed8 - CF 
AX + AX - Immed16 - CF 


Immed from Memory/Reg 


[encode odors mf [T_T bate T ” _] 


Opcode 


80 
80 
81 
81 


83 
83 


Clocks 


4 
I7+EA 
4 
17+EA 


4 
17+EA 


Operation 


Reg8 ~ Reg8 - Immed8 - CF 
Mem8 ~ Mem8 - Immed®8 - CF 
Reg16 « Regi6 - Immed16 - CF 
Mem16 —Mem16 - immed16 - 
CF 
Reg16 ~ Reg16 - Immeds8 - CF 
Mem16 «Mem16 - Immed8 - CF 
(Immed8 is sign-extended 
before subtract) 
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SHR = Logical Right Shift 


Memory or Reg by | 


[ea prom — 


Opcode Clocks Operation 


Byte ile] 2 shift Reg8 by 1 
DO 15-+EA shift Mem8 by 1 

Word D1 2 shift Regi6 by 1 
D1 1S+EA shift Mem16 by 1 


Memory or Reg by count in CL 


[eee Fron — J 


Opcode Clocks Operation 
Byte 02 8+4/bit shift Reg8 by CL 
D2 20+Ea+4/bit shift Mem8 by CL 
Word D3 8+4/bit shift Regi6 by CL 


D3 20+EA+4/bit shift Mem16 by CL 


STC = Set Carry Flag 


Opcode Clocks. Operation 


FQ 2 set the carry flag 


STD = Set Direction Flags 


Opcode Clocks Operation 


FD 2 set direction flag 
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} 


tH 


od 


ea 


STI = Set Interrupt Enable Flag 


Opcode 


Opcode Clocks Operation 


FB 2 set interrupt flag 


String = String Operations 
Opcode 


Opcode Clocks Operation 


AG 22 ‘flags ~-(SI) - (Dl) 
AT 22 ~~ flags ~ (SI) - (DI) 
A4 18 (Dl) +(SI) 
A5 18 (Dl) (SI) 
AE 15 flags (Dl) - AL 
AF 15 flags ~-(Dl) - AX 
AC 12. AL+(SI) 
AD 12 AX=(SI) 
AA 11 (DI) =AL 
AB 11 (Di) AX 


String = 


CMPS 
CMPS 
MOVS 
MOVS 
SCAS 
SCAS 
LODS 
LODS 
STOS 
STOS 
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SUB = Integer Subtraction 


Memory/Reg with Reg 


[ opcode [modregrim] TY 


Opcode Clocks 

Byte 2A 3 
2A 9+EA 
28 16+EA 

Word 2B 3 
2B 9+EA 
29 16+EA 


Immed to AX/AL 


Operation 


Reg8 Reg8 - Reg8 
Reg8 Reg8 - Mem8 
Mem8 Mem& - Reg8 
Regi6 Reg16 - Regi6 
Regi6 Regi6 - Mem16 
Mem16 Memi16 - Regi6 


eC 


Opcode Clocks 
Byte 2c 4 
Word 2D 4 


Immed to Memory/Reg 


EC ie es Ss 


Opcode Clocks 

Byte 80 4 
80 17+EA 

Word 81 4 
81 17+EA 

83 4 
83 17+EA 
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Operation 


AL «AL - Immed8 
AX + AX - Immed16 


Operation 


Reg8 +Reg8 - Immed8 
Mem8 ~ Mem8 - Immed8 
Reg16 +Reg16 - immed16 
Mem16 ~Mem16 - Immed16 
Reg16 ~Reg16 - Immed8 
Mem16 + Mem16 - Immed8 


{HELE LL 


d 1 


TEST = Logical Compare 


Memory/Reg with Reg 


Opcode Clocks 

Byte 84 3 
84 9+EA 

Word 85 3 
85 9+EA 


Immed to AX/AL 


[opcode [bata] 


Opcode Clocks 
Byte A8 4 
Word AQ 4 


Immed to Memory/Reg 


[opeede roa coon] — 


Opcode Clocks 

Byte F6 5 
Fé 1i+EA 

Word F7 5 
F7 11+EA 


ise) | 
Operation 


flags + Reg8 AND Reg8 
flags + Reg8 AND Mem8 


flags  Reg16 AND Reg16 
flags «Reg16 AND Mem16 


Operation 


flags + AL AND Immed8 
flags + AX AND Immedi6 


aie Ec ae 


flags «Reg8 AND Immed8 
flags Mem8 AND Immed8 


flags ~.Reg16 AND Immed16 
flags .. Mem16 AND Immed16 


WAIT = Wait While TEST Pin Not Asserted 


Opcode Clocks 


9B 3+5n 


Operation 


none 
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XCHG = Exchange Memory/ Register with 
Register 


Memory/Reg with Reg 


ce 


Opcode Clocks Operation 


Byt 86 4 Reg8 ~ ~Reg8 
se 86 17+EA Mem8 ~~ Mem8 
word 87 4 Reg16 +-Reg16 
87 17+EA Mem16 «> Mem16 


Word Register with AX 


Opcode + Reg 


Opcode Clocks Operation 


907+ Reg 3 AX +*Regi6 


XLAT _ 3 r 
XLATB ~ Table Look-up Translation 


Opcode Clocks Operation 


D7 11 replace AL with table entry 
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XOR = Logical Exclusive OR 


Memory/Reg with Reg 


[epccee Trosresrm] _ _[ _ _] 


Opcode Clocks Operation 


Byte 32 3 Reg8- Reg8 XOR Reg8 
32 9+EA Reg8 «Reg8 XOR Mem8 
30 16+EA Mem8 « Mem8 XOR Reg8 
Word 33 3 Reg16 ~ Reg16 XOR Reg16 
33 9+EA Reg16 + Reg16 XOR Mem16 
31 16+EA Mem16 Mem16 XOR Reg16 


Immed to AX/AL 


[speeds [ove Td 


Opcode Clocks Operation 


34 4 AL «AL XOR Immed8 
35 4 AX + AX XOR Immed16 


Immed to Memory/Reg 


[Sam peem ~~ ee TJ 


Opcode Clocks Operation 


Byte 80 4 Reg8 + Reg8 XOR Immed8 
80 17+EA Mem8 « Mem8 XOR Immed8 
Word 81 4 Regi6 ~Reg16 XOR Immed16 
81 17+EA Mem16 « Mem16 XOR Immed16 
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186 INSTRUCTIONS 
Notes for iAPX 186 Instructions 


These instructions can be used only if the MOD186 
control is specified. When MOD186 is specified, 
clocks for all instructions are as stated under “Clocks 


for MOD186 Operation.” 


BOUND = Check Array Against Bounds 


[opcode T wocrm TT] 


Opcode Operation 


62 = If Regi6<Mem16 at EA, or 
Reg16>Memi16 at EA+2 then 
INTERRUPT 5 


ENTER = High Level Procedure Entry 


Opcode Operation 


C8 build new stack frame 


IMUL = Signed Multiplication 


Mem/Reg* Immediate to Reg 


| 


Opcode Operation 


68 Reg 16 +Reg 16 * immed 8 
6B Reg 16 «Reg 16 * Immed 8 
6B Reg 16 «Mem 16 * Immed 8 
69 Reg 16 ~Reg 16 * Immed 16 
69 Reg 16~Reg 16 * Immed 16 
69 Reg 16~Mem 16 * Immed 16 
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LEAVE = High Level Procedure Exit 


Opcode Operation 


C9 release current stack frame 
and return to prior frame. 


POPA = Pop All Registers 


Opcode Operation 


61 restore registers from 
stack 


PUSH = Push a Word onto the Stack 


Word Immediate 


sc 


Opcode Operation 
6A —(SP)~+Immed8 


(sign extended) 
68 —(SP)—Immed16 


PUSHA = Push All Registers 


Opcode Operation 


60 save registers on the stack 
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RCL = Rotate Left Through Carry 


Mem or Reg by Immed8 


[ psoas [won [ [~~ [count] 


*—(Reg field = 011) 
Opcode Operation 
CO rotate Reg8 by Immed8 
CO rotate Mem by Immed8 


C1 rotate Regi6 by Immed8 
Ci —s rotate Mem16 by Immed8 


RCR = Rotate Right Through Carry 


Mem or Reg by Immed8 


[opcode [moon [TT count] 


*—(Reg field = 011) 
Opcode Operation 
CO rotate Reg8 by Immed8 
CO rotate Mem8 by Immed8 


C1 _—s rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 


ROL = Rotate Left 


Mem or Reg by Immed8 


[ oveose [ moar [OT count] 


*—(Reg field = 000) 
Opcode Operation 
CO rotate Reg8 by Immed8 
CO rotate Mem8 by Immed8 


C1 rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 
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ROR = Rotate Right 


Mem or Reg by Immed8 


[ opcode [wear TT [an] 


*—(Reg field = 001) 
Opcode Operation 
CO rotate Reg8 by Immed8 
CO rotate Mem8 by Immed8 


C1 rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 


SAL/SHL = Arithmetic/Logical Left Shift 


Mem or Reg by immediate count 


a 


*—(Reg field = 100) 
Opcode Operation 
CO rotate Reg8 by Immed8 
CO rotate Mem8 by immed8 


C1 ss rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 


SAR = Arithmetic Right Shift 


Mem or Reg by Immed8& 


[reese [wear [TT 
*—(Reg field = 111) 
Opcode Operation 
CO rotate Reg8 by Immed8& 
CO rotate Mem8 by Immed8 


C1 —s rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 
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SHR = Logical Right Shift 


Mem or Reg by Immed8 
[opcose [woarwe TT 
*—(Reg field = 101) 


Opcode Operation 


CO rotate Reg8 by Immed8 
CO rotate Mem8 by Immed8 
C1 __ rotate Reg16 by Immed8 
C1 rotate Mem16 by Immed8 


String = String Operations (INS/OUTS) 


Opcode Clocks Operation 
6E INS (Dl) + port(DX) 
6F INS (D1) + port(DX:DX +1) 
6C OUTS port(DX) (SI) 
6D OUTS port(DX:DX + 1) + (SI) 


pre 


| 
H 


oo 
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8087 INSTRUCTIONS 
Notes for 8087 Instructions 


The individual instruction descriptions are shown by 
a format box such as the following: 


[war [ent [avonrn [aaart_[ 0a] 


These are the byte-wise representations of the object 
code generated by the assembler and are interpreted 
as follows: 


¢ WAIT is an 8086 wait instruction, NOP or 
emulator instruction. 


* op! is the opcode, possibly taking two bytes. 


¢ m/op/r/m byte (middle 3-bits is part of the 
opcode). 
e addr! and addr2 are offsets of cither 8 or 16 bits. 


For integer functions, m = 0 for short-integer memory operand; 1 
for word-integer memory operand. 

For real functions, m = 0 for short-real memory operand; 1 for 
longreal memory operand. 

i = stack element index. 


ff mod = 00 then DISP = 0, disp-lo and disp-hi are absent. 

If mod = 01 then DISP = disp-lo sign-extended to 16 bits, disp-hi 
Is absent. 

If mod = 10 then DISP = disp-hi; disp-lo. 

If mod = 11 then r/m is treated as an ST(i) field. 


If rjm = 000 then EA = (BX)+(SI)+DISP 

if rjm = 001 then EA = (BX)+(Dl)+DISP 

Ifr/m = 010 then EA = (BP)-+(SI)+DISP 

If r/m = 011 then EA = (BP)+(DI)-+DISP 

If r/m = 100 then EA = (SI)+DISP 

Ifr/m = 101 then EA = (DI)+DISP 

If r/m = 110 then EA (BP)-+DISP* 

ifr/m = 111 then EA = (BX)+DISP 
“Except if mod = 000 and r/m = 110 then EA = disp-hi; 
disp-lo. 


$T(0) = Current stack top 
ST(i) = im register below stack top 
d = Destination 
0 — Destination is ST(0) 
1 — Destination is ST(i) 
P = Pop 
0 — No pop 
1 — Pop ST(0) 
R = Reverse 
0 — Destination (op) source 
1 — Source (op) destination 


4l 


For FSQRT: —0<ST(0)< +00 
For FSCALE: —2<ST(1)<+2"s and ST(1) integer 
For F2XM1: 0<ST(0)<2 ' 
For FYL2X: 0<ST(0)<oo 
-«<ST(1)<-Foo 
For FYL2XP1:  0</| Sur. <(2—/2)/2 
—ao<ST(1)<0o 
For FPTAN: 0<ST(0)<x/4 
For FPATAN: 0<ST(0)<ST(1)<+00 
F2XMI = Compute 2* — 1 
[war [ot [oe 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 FO CD 19 FO 500 ST + 257-1 
310-630 
FABS = Absolute Value 
wat [opt | ope 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BD9E1  CD19E1 14 st~Istl 
10-17 
42 
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COCCCLOE 


FADD = Add Real 


Stack top + Stack clement 


[wat [ot [oe 3] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8CO+i CD18 CO+I 85 ST ~ST + ST(i) 
70-100 
98 DC CO+i CD1CCO+i 85 ST(i) +ST + ST(i) 
70-100 


Stack top + memory operand 


[wat [opt fros oom] aaart [assed] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 m0rm CD 18 mOrm 105+EA ST~+ST + mem-op 
(90-120)+ EA (short-real) 
9B DCm0rm CD1Cm0rm = 110+EA ST ~+ST + mem-op 
(95-125) + EA (long-real) 
FADDP = Add Real and Pop 
Stack top + Stack Element 
[war [opt | oe + | 
Executlon 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BDECi CDI1EC1 90 ST(1) ST + ST(1) 
75-105 pop stack 
9B DECO+i CDIECOti 90 ST(i) +ST + ST(i) 
75-105 pop stack 
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FBLD = Packed Decimal (BCD) Load 


saat [seed] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BDFm4rm CO 1Fm4rm 300+EA push stack 


(290-310)+EA ST -mem-op 


FBSTP = Packed Decimal (BCD) Store and 


Pop 
[wat [opt Jroa tom] _saart [ease] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DF m6rm CD 1F m6rm 530+EA mem-op~ST 
(520-540) +EA pop stack 
FCHS = Change Sign 
wat [oot] om] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 EO CD 19 EO 15 ST+—ST 
10-17 
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HEE 


eae 


{Hi 


Ror = Clear Exceptions 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
98 DB E2 CD 1B E2 5 clear 8087 exceptions 
2-8 
90 DB E2 CD 1B E2 5 clear 8087 exceptions 
2-8 (no wait) 


FCOM = Compare Reali 


Compare Stack top and Stack element 


[wat] ot [one | 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 D1 CD 18 D1 45 ST — ST(1) 
40-50 
9B D8D0+i CD18 DO+i 45 ST — ST(i) 
40-50 


Compare Stack top and memory operands 


[wart [est ros orem] asset asec] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 m2rm CD 18 m2rm 65+EA ST — memop 
(60-70) +EA (short-real) 

9B DC m2rm CD 1C mérm 70+EA ST — memop 
(65-75) +EA (long-real) 
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FCOMP = Compare Real and Pop 


Compare Stack top and Stack element and pop 


[wat [ot] one] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B8D80D9 CD18D9 47 ST — ST(1) 
42-52 pop stack 
9B D8 D8+i CD18 D8ti 47 ST — ST(i) 
42-52 pop stack 


Compare Stack top and memory operand and pop 


iT we] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 m3rm CD18 m3rm 68+EA ST — mem-op 
(63-73)+EA pop stack 
(short-real) 
9B DC m3rm CD 1C m3rm 72+EA ST — mem-op 
(67-77)+EA pop stack 
(long-real) 


FCOMPP = Compare Real and Pop Twice 


wat [ot | om? 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BDED9 CD1ED9 50 ST — ST(1) 
45-55 pop stack 
pop stack 
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FDECSTP = Decrement Stack Pointer 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 FE CD 19 F6 9 stack pointer + 
6-12 stack pointer 1 
FDISI 


= Disable Interrupts 


FNDISI 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DBE1 CD 1BE1 5 Set 8087 interrupt 
2-8 mask 
90 OB E1 CD 1B E1 § Set 8087 interrupt 
2-8 mask (no wait) 


FDIV = Divide Real 


Stack top and Stack clement 


[wat [opt 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 FO+i CD18 FO+i 198 ST +ST/ST(i) 
193-203 
9B OC F8+i CD 1C F8+i 198 ST) + ST(i)/ST 
193-203 


Stack top and memory operand 


[wart [opt roa ion seer] oaseé_] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BD8Bmérm CD18mérm 220+EA ST +ST/mem-op 
(215-225)-+EA (short-real) 
9BDCm6rm CD1iCm6rm 225+EA ST~+ST/mem-op 


(220-230)+EA (long-real) 
FDIVP = Divide Real and Pop 
[ot | oni] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DE F9 CD 1E F9 202 ST(1) ~ST(1)/ST 
197-207 pop stack 
9B DEF8+i CD 1E F8+i 202 ST(i) +ST(iI)/ST 
197-207 pop stack 
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FDIVR = Divide Real Reversed 


Stack top and Stack element 


[war [opt [ope] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B 08 F8+i CD18 F8+i 199 ST +ST(i)/ST 
194-204 
98 DC FO+i CD 1CFO+i 199 ST(i) +ST/ST(i) 
194-204 


Stack top and memory operand 


[wat [opt Joa tit in| seers [soso] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 m7rm CD18 m7rm 221+EA  ST-mem-op/ST 
(216-226)+EA (short-real) 
9B DC m7rm CD 1C m7rm 226+EA ST ~mem-op/ST 
(221-231)+EA (long-real) 


FDIVRP = Divide Real Reversed and Pop 


(wat [oot [oe | 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DE F1 CD 1EF1 203 ST(1) +ST/ST(1) 
198-208 pop stack 
9B DE FO+i CD1EFOti 203 ST(i) —ST/ST(i) 
198-208 
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FENI 
= Enable Interrupts 
FNENI P 
[war [opt [ope | 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DB EO CD 18 EO 5 clear 8087 interrupt 
2-8 mask 
90 DB EO CD 1B EO 5 clear 8087 interrupt 
2-8 mask (no wait) 
FFREE = Free Register 
[wat [ot [ ot] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DD CO+i CD 1DCO+i 11 TAG(i) masked empty 


FIADD = Integer Add 


[war [opi Jroa oor] saan acaee—] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DAm0rm CD 1A m0rm 125+EA ST ~ST + mem-op 
(108-143)+EA {short integer) 
9B DE mOrm CD 1E m0rm 120+EA ST ~ST + mem-op 


(102-137)-+EA (word integer) 
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FICOM = Integer Compare 


[wat [opt roa ron] egari [saeco] 


Executlon 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DA m2rm CD 1Am2rm 85+EA ST — mem-op 
(78-91) +EA (short integer) 
t9B DEm2rm CD 1E m2rm 80+EA ST —mem-op 
(72-86)+ EA (word integer) 


FICOMP = Integer Compare and Pop 


ara pao ai Te] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DAm8rm CD 1A m3rm 87+EA ST — mem-op 
(80-93)+EA pop stack 
(short integer) 

9B DE m3rm CD 1E m3rm 82+EA ST — mem-op 
(74-88) +EA pop stack 


(word integer) 


FIDIV = Integer Divide 


ia 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DAm6rm CD 1A m6rm 236+EA ST+ST/mem-op 
(230-243) +EA (short integer) 
9BDEmérm CD1Em6rm 230+EA ST-~ST/mem-op 


(224-238)-+ EA (word Integer) 
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FIDIVR = Integer Divide Reversed 


[war [opt roa ite] eaart [eae] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DAm7rm CD 1A m7rm 237+EA ST -mem-op/ST 
(231-245) + EA (short integer) 
9B DE m7rm CD 1Em7rm 230+EA ST-mem-op/ST 


(225-239)+ EA (word integer) 


FILD = Integer Load 


Word Integer or Short Integer 


a 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DB m0rm CD 1B m0rm S6-+EA push stack 


(52-60)+EA ST--mem-op 
(short integer) 
50+EA Push stack 
(46-54)+EA ST-mem-op 
(word integer) 


9B DF mOrm CD 1F morm 


Long Integer 


[war [oot Tmoaio; [acer [eased] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DF m5rm CD 1F m5rm 64+EA push stack 


{60-68)+EA ST—mem-op 
(long integer) 


52 


ol 
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FIMUL = Integer Multiply 


[wat [opt [reson a] seer’ sere] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
SBDAmirm CD1Amirm 136+EA ST*ST*mem-op 
(130-144)+EA (short integer) 
9B DE mirm CD 1E mim 130 ++ EA ST+ST*mem-op 
(124-138)+EA (word integer) 


FINCSTP = Increment Stack Pointer 


[wat [opi [ont _] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 F7 CD 19 F7 9 stack pointer — 
6-12 stack pointer + 1 
FINIT 


= Initialize Processor 


FNINIT 


opt | ope 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BDBE3 CD1BE3 5 initialize 8087 
2-8 

90 DB E3 CD 1B E3 5 initialize 8087 
2-8 (no wait) 
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FIST = Integer Store 


wi a 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DB m2rm CD 1B m2rm 88+EA mem-op «ST 
(82-92) + EA (short integer) 
9B DF m2rm CD 1F m2rm 86+EA mem-op ST 
(80-90)+ EA (word integer) 


FISTP = Integer Store and Pop 


Short Integer or Word Integer 


[wat [opt rosin dm] sear] aad] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B 0B m3rm CD 1B m3rm 90+EA mem-op «ST 
(84-94) +EA pop stack 
(short integer) 

9B DF m3rm CD 1F m3rm 88+EA mem-op~-ST 
(82-92) +EA pop stack 


(word integer) 


Long Integer 


oi casi ecard] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B OF m7rm CD 1F m7rm 100+EA mem-op ST 
(94-105)-+EA pop stack 


(long integer) 


54 


HEH 


FISUB = Integer Subtract 


[wart [opt Fred 00 in] odart [acer] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DA m4rm CD 1A m4rm 125+EA ST*ST—mem-op 
(108-143) +EA (short integer) 
9B DE m4rm CD 1E m4rm 120+EA ST-ST—mem-op 


(102-137) +EA {word integer) 


FISUBR = Integer Subtract Reversed 


[wart [opt roa tren] scarn [ aaeré—] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BDAm5rm CD1Am5rm = 125+EA STmem-op—ST 
(109-144)-++EA (short integer) 
98 DEm5rm CD 1E m5rm 120+EA ST-mem-op — ST 


(103-139)+EA (word integer) 
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FLD = Load Real 


Stack element to Stack top 


war [oot [ont 1] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9CO+i CD19CO+I 20 T, —ST(i) 
17-22 push stack 


ST+T, 


Memory operand to Stack top 
Short Integer or Long Integer 


[wat [ent roa ooo in] sari [ eadee] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 


9B D9m0rm CD 19 m0rm 43+EA push stack 
(38-56)+EA ST-mem-op 
(short integer) 
9B DD m0rm CD 1D m0rm 46+EA push stack 
(40-60)+EA ST~mem-op 
(long integer) 


Temp Real 

WAIT opt addr addr | 
Execution 
Clocks 

8087 Emulator Typical 

Encoding Encoding Range Operation 


9B DB m5rm CD 1B m5rm 57+EA push stack 
{53-65)+EA ST-mem-op 
(temp real) 


56 


FLD1 = Load + 1.0 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 E8 CD 19 E8 18 push stack 


15-21 ST +1.0 


FLDCW = Load Control Word 


[wait [oot roa tor in| scart [aero] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 


9B D9mSrm CD19 m5rm 10+EA processor control 
{7-14)+EA  word--mem-op 


FLDENV = Load Environment 


a 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 


9B D9 m4rm CD19 m4rm 40+EA 8087 environment + 
(35-45) + EA mem-op 


FLDL2E = Load Log,e 


[wat [opt | op? 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 EA CD 19 EA 18 push stack 


15-21 ST~log,e 


57 


FLDL2T = Load Log,10 


[war [opt] one 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 E9 CD 19 E9 19 push stack 


16-22  ST~log,10 


FLDLG2 = Load Log,,.2 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B 09 EC CD 19 EC 21 push stack 


18-24 ST +109,,2 


FLDP! = Load x 


[wat [opt [oe] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 EB CD 19 EB 19 push stack 


16-22 ST +x 


FLDZ = Load + 0.0 


[wat [oot [on] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BD9EE CD19EE 14 push stack 
11-17 ST~+0.0 
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ay! 


t 


FMUL = Multiply Real 


Stack top and Stack element 


[wat] oni] on | 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8C8+i CD 18C8+i 138 ST+ST * ST(i) 
130-145 
9B 0C C8+I CD 1C C8+i 138 ST(i) STi) — ST 
130-145 


Stack top and memory operand 


a ea 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 


9B D8 mirm CD18 mirm 118+EA ST-ST*mem-op 
(110-125) + EA (short real) 


9B DC mirm CD1C mirm 161+EA ST*ST*mem-op 


(154-168)+ EA (long real) 
FMULP = Multiply Real and Pop 
[wat [opt [ ona + 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DEC9 +1 CD1EC9+i 142 ST(i) —ST(i) * ST 
134-148 pop stack 
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FNOP = No Operation 


[| wart [opt on? 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 DO CD 19 DO 13 ST+ST 
10-16 
FPATAN = Partial Arctangent 
wait | opt [ope | 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BD9F3  CD19F3 650 T, arctan (ST(1)/ST) 
250-800 Pop stack 
ST+T, 
FPREM = Partial Remainder 
wat_[ oot] e2_] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 F8 CD 19 F8 125 ST REPEAT 
15-190 (ST —ST(1)) 
FPTAN = Partial Tangent 
wart [opt [ona | 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 F2 CD 19 F2 450 Y/X *TAN (ST) 
30-540 ST<Y 
push stack 
ST+X 


Hy 


HH 


eis 
7 
2 
aa 
<—e 
= 
ain 


FRNDINT = Round to Integer 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9BD9FC CD19FC 45 ST nearest 


16-50 integer (ST) 


FRSTOR = Restore Saved State 


[wart [et roa 00rinl dari] ear] 


Execution 
Clocks 
8087 Emulator Typicat 
Encoding Encoding Range Operation 
9B DD m4rm CD 1D m4rm 202+EA 8087 state~-mem-op 
(197-207)+EA 


FSAVE _ 
FNSAVE — Save State 


[Cimarron sae ee] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
98DDmérm CD10 mérm 202+EA  mem-op-~- 8087 state 
(197-207)+EA 
90 DD m6rm CD 1D mérm 202+EA mem-op +8087 state 


(197-207)+EA (no wait) 
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FSCALE = Scale 


ae 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B 09 FO CD 19 FD 35 ST~ST* 25m 
32-38 
FSQRT = Square Root 
war [or [oe _ 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 FA CD 19 FA 183 ST+\VST 
180-186 
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TH 


| 


i 
} 


FST = Store Real 


Stack top to Stack element 


[wat [opt [ot] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DD DO+I CD 1D DO+i 18 ST(i)-ST 
15-22 


Stack top to memory operand 


[wat [opt roa rein] asars[~ aaeed] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 m2rm CD19 m2rm 87+EA mem-op +ST 
(84-90) +EA (short-real) 

9B DOm2rm CD1Dm2rm 100+EA mem-op~ST 
(96-104)+-EA (long-real) 


FSTCW _ 
FNSTCW — Store Control Word 


[wart [opt roa tin] seat [scare] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 


9B D9m7rm CD19 m7rm 15+EA mem-op ~- processor 


(12-18)-+EA control word 
90D9m7rm CD19 m7rm 15+EA mem-op ~-processor 
(12-18) +EA control word 


(no wait) 
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ae fl 
FSTENV St i 2 —~ = 
= Store Environment FSTP = Store Real and Pop 
FNSTENV ey 
WAIT | opt [mod 110r/m] _addrt addr2_| , Stack top to Stack element 
4 —y i 
Esacdton | wat [opt Tone +i | 
Clocks " H 
a, fl Execution 
8087 Emulator Typical Clocks 
Encoding _— Encoding Range Operation 5s 
8087 Emulator Typical 
9B D9 mérm CD 19 mérm otek mer OR OeT ae Encoding — Encoding Range Operation 
(40-50)+ vi 
‘ a a 9B DD D8+i CD 1D D8+i 20 ST(i) —ST 
D19m6rm  45-+EA — mem-op «8087 Hy 
80 D9. foray E018 (40-50) +EA environment | 17-24 Pop stack 
(no wait) _— 7 
— Stack top to memory operand 
wie wart [opt Jos ort nl ade] aard—] 
| pl pals 
ae, Long Real or Short Real 
’ Execution 
— Clocks 
! 8087 Emulator Typical 
s ~ Encoding Encoding Range Operation 
“a H 9B D9 m3rm CD 19 m3rm 89+EA mem-op +ST 
(86-92)+EA Pop stack 
(short-real) 
= ( 9BDBm3rm CD1Bm3rm 102+EA mem-op~-ST 
4 (98-106) +EA pop stack 
(long-real) 
Temp Real 
a re Execution 
Clocks 
8087 Emulator Typical 
a Las Encoding Encoding Range Operation 
: 9B DD m7rm CD1Dm7rm —55+EA — mem-op~-ST 
(52-58)+EA pop stack 
— (temp-real) 
. 
3 =| 
} 
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FSTSW s 
= Store Status Word 
FNSTSW 
(wat [oot roa ital acer [accra] 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DD m7rm CD 1D m7rm 15+EA | mem-op~8087 status 
(12-18)-+ EA word 
90 0D m7rm CD 1D m7rm 15+EA mem-op ~-8087 status 
(12-18)+EA word 
(no wait) 
FSUB = Subtract Real 
Stack top and Stack element 
[wat [opt | opts | 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8EO+i CD18 E0+i 85 ST+ ST — ST(I) 
70-100 
9BDCE8+i CD IC E8ti 85 ST() —ST(i) — ST 
70-100 


Stack top and memory operand 


aL ie] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DBm4rm CD18 m4rm 105+EA ST+ST— mem-op 
(90-120) +EA (short-real) 
9B DC m4rm CD 1C m4rm 110+EA ST+ST—mem-op 
(95-125) + EA (long-real) 
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a 


}) 
i, 


u 


HO 


y 
\ 
j 


HL 


ATH 


(Hh 


aleatG 


FSUBP = Subtract Real and Pop 


[war [ ot [ot] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B DE £9 CD 1E E9 90 ST(1)-ST(1) — ST 
75-105 pop stack 
9B DE E8+i CD 1EE8+i 90 ST(i)-ST(i) — ST 
75-105 pop stack 
FSUBR = Subtract Real Reversed 
Stack top and Stack element 
oni 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 E8+i CD D8 EB+i 87 ST+ST(i) — ST 
70-100 
9B DC E0+i CD1C E0+i 87 ST() —ST — ST) 
70-100 


Stack top and memory operand 


[wat [eet roa or nl sears [sara] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D8 m5rm CD 18 mSrm 105+EA ST--mem-op — ST 
(90-120)+EA (short-real) 
9B DC mSrm CD 1C m5rm 110+EA  ST+mem-op — ST 
(95-125) +EA (long-real) 
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FSUBRP = Subtract Real Reversed and Pop 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 

9B DE E1 CD 1E&1 90 ST(1)~- ST — ST(1) 
75-105 pop stack 

9B DE E0+i CD 1EE0+i 90 ST(i) ST — STi) 
75-105 pop stack 


FTST = Test Stack Top Against + 0.0 


[war [ot [oe] 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 E4 CD 19 £4 42 ST~-ST — 0.0 
38-48 


FWAIT = (CPU) Wait While 8087 Is Busy 


Executlon 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B 90 3+5n 8086 wait instruction 
3+5n 
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it 


? 


r 


on 


7 
| 


it 


dit 


FXAM = Examine Stack Top 


opt op2 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 E5 CD 19 E5 17 set condition code 
12-23 


FXCH = Exchange Registers 


| _wart [opt 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 C8 cD 19C8 12 T,~ ST(1) 
10-15 ST(1)~ST 
ST~-T, 
9B D9C8+i CD19 C8+i 12 T,~ST() 
10-15 ST(i) —ST 
ST~T, 


FXTRACT = Extract Exponent and 


Significand 
| wart | opt Ton? 
Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 F4 CD 19 F4 50 T, exponent (ST) 
27-55 T,--significand (ST) 
ST+T, 
push stack 
ST+T, 
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FYL2X = Compute Y ° Log, X 


[war [ot [oe _ | 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 FI CD 19 F1 950 T,ST(1) * log, (ST) 
900-1100 pop stack 
ST+T, 


FYL2XP1 = Compute Y * Log, (X+ 1) 


[war [opt] one 


Execution 
Clocks 
8087 Emulator Typical 
Encoding Encoding Range Operation 
9B D9 F9 CD 19 F9 850 T,~ST +1 
700-1000 T,~-ST(1) * log, T, 
pop stack 
ST+T, 


AE 


asinine 


Assembler Controls Summary 


Default control shown in italics 


PRIMARY CONTROLS 


Control Effect 

DATE(d) System Date 
DEBUG/NODEBUG DEBUG puts local symbols 
DA information into object file for 
DB/NODB debugging. NODEBUG 


ERRORPRINT/NOERRORPRINT 
EP/NOEP 


MACRO/NOMACRO 


MR/NOMR 


MOD186/8086 mode 
Mi 


OBJECT/NOOBJECT 
OJNOOJ 


PAGELENGTH{(n) 
PL(n) 


PAGEWIDTH (n) 
PW (n) 


PAGING/NOPAGING 
PI/NOPI 


suppresses loading of local 
symbols information. 


ERRORPRINT creates a file 
containing a listing of source line 
errors. NOERRORPRINT 
suppresses creation of that file, 


MACRO specifies that macro 
processor language will be 
recognized in source files. 
NOMACRO specifies nonrecog- 
nition of macros. They are 
scanned as is normal assembly 
language. 


MOD186 specifies that the IAPX 
186 instruction set be recog- 
nized. The default is 8086 
instructions only. 


OBJECT specifies the creation 
of tan object module in the file 
specified. NOOBJECT specifies 
that an object module is not to 
be created. 


Specifies number (n) of printed 
lines per page in print file. 
Minimum pagelength Is 20. 
Default Is 60 lines per page. 


Specifies the number (n) of 
characters, or columns, per line 
In the print and the errorprint 
files. Minimum is 60, maximum 
is 255. Default is 120. 


PAGING specifies that print file 
is to be formatted into pages 
with header at top of each page. 
NOPAGING specifies no 
formatting Into pages. 
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PRINT specifies that a source 
listing will be created during 
assembly. If no filename is 
specified, the source listing is 
written to the source file with the 
extension .LST appended. 
NOPRINT specifies that no 
source listing will be created. 


PRINT/NOPRINT 
PR/NOPR 


SYMBOLS/NOSYMBOLS 
SB/NOSB 


SYMBOLS specifies that a 
symbol listing table will be 
appended to the source listing 
in print file). NOSYMBOLS 
suppresses symbol! table listing. 


TYPE specifies that type infor- 
mation be put into the object 
module. NOTYPE specifies that 
no type information be put into 
the object module. 


TYPE/NOTYPE 
TY/NOTY 


WORKFILES WORKFILES specifies the 

WF devices or directories used for 
storage of assembler-created 
temporary workfiles. 


XREF/NOXREF 
XR/NOXR 


XREF specifies that a symbol 
table, including line numbers, be 
appended to the source listing 
in print file. NOXREF specifies 
that no cross-reference line 
numbers are to be included. 
eee 
GENERAL CONTROLS 

—————— 


EJECT Next line of source listing to be 
EJ placed on new page. 


GEN/GENONLY/NOGEN 


Specify mode of listing assem- 
GE/GO/NOGE 


bler source text, macro calls and 
macro text in print file. GEN 
produces a listing that includes 
all source text, macro calls and 
expansion of each macro. 
GENONLY produces a listing 
that Includes only source file 
non-macro text, and final result 
text for each macro called. 
NOGEN produces a listing that 
includes only the source file text. 


INCLUDE Causes subsequent source lines 
Ic to be input from specified file. 


bee 
els 


= 
a 
= 


LIST/NOLIST 


LIST specifies that listing of 
LIJNOLI 


source program in print file is to 
resume with next source line 
read. NOLIST specifies that 
listing of source program in print 
file, beginning with next source 
line, is to be suppressed. 


SAVE/RESTORE 
SA/RS 


SAVE specifies that current 
setting of general controls be 
saved on a stack. RESTORE 
specifies that general controls 
be set to values stored on stack. 
TITLE Specifies the character string to 
TW appear on page header. Default 
title is module name specified in 
assembler NAME directive. 


ASM86 Invocation 


Under Series-lll 


- [:dev. }RUN(:dev:JASM86 => 
(:dev...filenamel controls] «cr > 


You may also use RUN alone, and then enter 
ASM86 without the RUN CUSP as often as you 
wish: 

-(idev.IJRUN¢cr> 

SERIES-111 RUN 8086, Vxy 

> 

At the right angle-bracket prompt, you may enter: 


> [:dev:1 ASM86 [:dev.] yourprograml controls] <cr> 


Linking ASM86 programs to 8087.LIB, E8087, 
E8087.LIB: 


> (:dev:JLINK86l:devJprog.obj, (:dev) =) 
£8087, [:dev.JE8087.LIBITO —, 
(:dev: ] prog.L NK ] 
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This command links your program, prog.obj, to the 
8087 emulator, E8087, and its associated interface 
library, E8087.LIB. Use this command if your system 
does not contain an 8087 Numeric Data Processor. 
If you have an 8087 NDP, use this command: 
> (:devi LINK 86 [:dev:] prog.obj, 

CC trdev. 8087. LIBETOL:dev) 

prog.LNK 1 


This links the 8087 interface to your program. 


Under Series IV 
logicainamel {* / ' directoryname} */' | 
| or ASM86 
{*/' directoryname) */* ) 
program namel {controls}... 
Under iRMX™ 86 
- Udirectory}ASM86 sourcepath { controls) 
Assembler Directives 
Symbol Definition: 
EQU 
LABEL 
PURGE 


Memory Reservation and Data Definition: 


RECORD 
74 


\ 


i 


{HAA 


4A 


AE 


Location Counter and Segmentation Control: 
SEGMENT/ENDS 
ORG 


GROUP 

ASSUME 
PROC/ENDP 
CODEMACRO/ENDM 


Program Linkage: 
NAME 
PUBLIC 


EXTRN 
END 


Processor Reset Register Initialization 


= 0000H (to disable interrupts 


Flags and single-stepping) 

4 = aur (to begin execution at FFFFOH) 
DS = 0000H 

SS = 0000H 

ES = 0000H 


No other registers are acted upon during reset. 


MCS°-86 Reserved Locations 
Reserved Memory Locations 


Intel Corporation reserves the use of memory location 
FFFFOH through FFFFFH (with the exception of 
FFFFOH - FFFFSH for JMP instr.) for Intel 
hardware and software products. If you use these 
locations for some other purpose, you may preclude 
compatibility of your system with certain of these 
products. 
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Reserved Input/Output Locations 


Intel Corporation reserves the use of input/output 
locations F8H through FFH for Intel hardware and 
software products. Users who wish to maintain 
compatibility with present and future Intel products 
should not use these locations. 


Reserved Interrupt Locations 


Intel Corporation reserves the use of interrupts 0-31 
(locations 00H through 7FH) for Intel hardware and 
software products. Users who wish to maintain 
compatibility with present and future Intel products 
should not use these locations. 


Interrupts 0 through 4 (OOH-13H) currently have 
dedicated hardware functions as defined below. 


Interrupt Location Function 
0 00H-03H Divide by zero 
1 04H-07H Single step 
2 08H-OBH Non-maskable interrupt 
3 OCH-OFH One-byte interrupt instruction 
4 10H-13H Interrupt on overflow 


Interrupt Pointer Table 


3FFH 
° 
e 
e 
INTERRUPT TYPE VECTOR 
cs; x 41S LOCATION FOR 
TYPE, ADDRESS OF INTERRUPT 


SERVICE ROUTINE 
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iAPX 86/88/ 186 Instruction Set Matrix 


Hi} Lo 
0 1 2 3 4 5 6 7 
0 | A0d ADD ROD | ADD | ADD | ADO | PUSH] POP ] 
b.l.cim wirim | b.tein | w.trim bia wid ES és 


1 AOC ADC ADC ADC ADC ADC | PUSH POP 
birim ci bcm |wtrim bi wi ss ss 


AND AND 
bAcim | wAcim 


AND AND AND AND SEG 
bitdm |wiim | bi wa ES 


3 xOR xOR xOR xOR XOR xOR SEG AAA 
btm | wirim | btam |wirim| di wii ss 
4 INC INC INC INC INC INC | INC INC 
AX cx Dx | 8x SP BP $I oO 
5 PUSH PUSH PUSH | PUSH | PUSH PUSH | PUSH | PUSH 
cx Dx 8x SP 


+ BOUND 
nrim 
JBI JNBI JEt 
JNAE JAE Jz 


PUSHA POPA 


Jo JNO 


LOOPZ! 
LOOPE 


on | 100 101 wo] 


ses | ano | sua | xR | CMP 


ACR | SHLSAL | SHR |SHL/SAL] SAR 
Grpt mut | imut | DIV! IW 
Grp? gmp [PUSH | — 


= 186 only instruction 
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iAPX 86/88/ 186 Instruction Set Matrix 


MUL 
tagien 


Jui 
INGE 


MOV 
srfcim 


caw cwo 


RET 
Li-SP) 


CALL JMP 
a a 


= byle operation 
duect 
from CPU reg 


immed. byte sign ext, 
immediate word 
tongie. intersegment 
memory 

register 

EAs second byte 
shortiatrasegment 
segmentregister 
toCPU reg 

variable 

word operation 

zero 
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oo Clocks for MOD 186 Operation 
ta 
Wiis 


Ly 


FORMAT 


3 


eraseanngse ceney TiopeT Te] raided in ean] erate] 
weenebinee a Tite? 
Weroy acre OC Re | 


teresiegenngan renay 
inde 
weer 
nec 
Sepweiegee Doors t tO 
weetoo CC a TC | 

-han Fe 
meen 
Yersy (eee ates] 20 
nad 10 
terete wmecy e 
fom «rons 2 8 
tog + woe 
Reps merce any 
repre enc 3 
boetpaten: 
tateon 10 
wae 8 
nt «cowie 
Facteot CO | 9 
wnat ? 
na - Ventre, " 
a tetera 6 
Ds -cestro-r1t908 oe ee) 18 
Us-terseorse ts RE cr 18 
a ssa toss 2 
ws - TOOTINNG 3 
pope nota 8 
ron Fann 8 


‘Shaded areas indicate instructions not availabie iniAPX 86, 88 microsysioms. 
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Clocks for MOD186 Operation 


[ 


MU = 267 (wre ge) 
Rega Ova 


ener Bea 
Merey Wert 


186 
Clock 
funcron rom Cycles 
TRH 
150 = sae 
Syrecnenqennen FToo0oss] aay a] a0 
beeecuceta regen memory [Os | 4ni6 
ineeoreta meurvat [ooo o0lOe cesT erate) a 
N06 = Aasmsa cary 
Res meron enregve mene fi a0 
tress a rept menery To = 4118 
ireeszrn memes a4 
Ot = ncrement 
Rej20 Benen a5 
Rega 3 
Sun = tourer 
Reg memin wrap tener rag 9 v0 
ieesreinmigin mercy — [F00000se) eatel in] en] ents O] ang 
wemraste tem acne (oO1ottOe tra a 
3 » Sesine wi tree 
Rey remen maveg enone 110 
teesxeinngerrensy — (Too000se] neon a] en [| ne or] ane 
leret enon name Poorree) en] eet] aa 
a5, 
Ey 
310 
ovises] 3110 
rrecrewsrmomey [o0d00re[ ris] en [ene oj] 310 
Umenecate wah nent CE wa 
Maa Corea vgn 3 
As tarts 8 
EAR Deca ates Me 4 
JAS «ASL att ee @ortiit 7 
DAS «Deca aor at 4 


‘Shaded aroas indicate instructons not available in iAPX 86, 88 microsystems 
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Clocks for MOD186 Operation 


186 
Clock 
fuecnoa FORMAT Cycles 
TASTER 
BY integer em a 44-52 
cages Gare) 
Repro wet 53-61 
Meret, Bye 50- 
peat so-88 
MM AS atl my frvorcreofosco- ora) 19 
MAD ASEH, tree Peercrotfoooororg at 
CTW Comet tye eos 2 
aa staotiosneieied ‘ 
215 
Peg se Were teh, Seniton 
Ragen Wenory by Court Seniten 
310 
Pesoeede| ear] a [oie |) 46 
eercersnerees 34 
eee pees 
crests 210 
ON ee re SY Pee TerOtte] exoo0 17 | C7 [erate 1) 40 
saosatseomoucinves a 
Aso 
Rivecernemcan wee ato 
erecibigen conn TO ee OO ane 
tered eet mer ee RTC | ae 
aisatass 
Reg mem ey and tepstee emer Laie 7] a0 
tecesustores ro mere roan 7m tr tate ane 
ereceencm re Te 3a 
rat -inetnce mee 3 
amon sscruson 
sooteeea cst Fr 
Ud Comcbetye eos me 
fies scoataces 6 
(009 Lcattyees AAT 12 
sts Eye AS OM AA 10 
WS = Pout Dye wd ho OT port ae 
OUTS -Osputtye wets OX port 7 


Shaded areas ind.cate nsiructions not avaiable iniAPX 86, 88 microsystems 
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Clocks for MOD186 Operation is | Clocks for MOD 186 Operation 


I 
‘ 186 
tock 
FUNCTION FORMAT li = | FUNCTION FORMAT pineal 
TTRNS MASA = d CONTHOL TRARSTIA (Commer) 
Besereaty ce Pree CC ang 
MOS Vote = at 
sear eng: forriiiooy es) 
Cake in —per. Amtanrnvgmens Teo] es) ans 
tas aes | Mwnvercsnme [oe] es) ans 
! ang 
ini dace 
HOE ferred ALAR ore [oo er ans 
Bs co. Bator a9 
sro I Doavzsete a3 
Bowie CTD Te | ang 
cu - Oa roe — BAL neon ana 
: 3 | Pant wreseiaein ang 
coxrio main 
~ BUR eur reieraree ana 
i POU ane oreeeree [ovtrooir 633 43 
o PALA Ir ieee oe (storey 3) 4a 
| se meuneraws “a 
i WO -aesd oreo] es anny 
pecan rs I 013 
as (oor 01 515 
iss toceetosrt (eect es] o18 
hs toonaicons 10 
i] sue ron 5 
Hiceicheers : - Be 
fegan nenen comemoseresf EE Sara] : 2 COCKE ee i ss 
Dentransegret ( st 
} 22+ 16{n=1) 
f_ 8 
Sees = a . sl youunetes EXERC ES =) a 
i 3 6 
RET w Ratarn ran CALL: Naas INTO - exaust ovrtce: (co ane 
as sagret (Ks | i 
eee ee — ete vcenuess 2 
1 ' 
Troote' OD ie a 4 
! foone - Deaton cinoe 33-35 


Shaded areas inacate instructions not availab'e nt: APX 86, 88 microsysioms 


ni 


Shaded areas indicate instructions not avaiable iniAPX 86, 88 mcrosysioms 


FU 6 


f 


= 


Ht 


\0 
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3065 Bowers Avenue, Santa Clara, Callfornia 95051 
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